Chemical study of four samples of Ligularia brassicoides collected in Sichuan Province of China afforded 18 compounds, five of which were new. LC-MS profiles were somehow similar to each other, although the compound ratio was slightly different. One of the new compound was a Diels-Alder adduct between franoeremophilan-10-ol and methacrylic acid.
We have been studying both chemical constituents and base sequences of plants of the genera Ligularia and Cremanthodium to determine the diversity and find valuable new substances [1] . L. brassicoides Hand. -Mazz (Asteraceae) grows on grassy slopes at 2600-3100 m als in south-western and western Sichuan, China [2] . We previously collected two samples of L. brassicoides in 2007 in southern Sichuan Province and found six new sesquiterpenoids bearing eremophilane, bakkane, and seco-eremophilane skeletons [3] . Since then, four samples of L. brassicoides were collected in August 2011 in northwestern Sichuan Province. Compounds isolated were different from those in the previous southern Sichuan samples. We report herein the chemical constituents and LC-MS profiles of them for comparison with each other.
The roots of each sample were dried, cut into pieces, and extracted with EtOH for several months at rt. The extracts were analyzed by TLC and HPLC-MS ( Figure 1 ), and separated by chromatographic techniques. Because the TLC and HPLC-MS studies showed that the chemical constituents were similar to each other, sample 3 (2011-57) was chemically analyzed. The extracts of sample 3 was subjected to silica-gel column chromatography using a gradient of n-hexane-EtOAc. Finally HPLC was used to isolate each compound. A polar fraction was treated with diazomethane and compound 13b was isolated by HPLC. Compounds 1-8 and 14-18 were known compounds, identified by comparing their data with those reported or determined independently. Compounds 9-13 were new ( Figure 2 ).
The molecular formulae of compounds 9 and 10 were determined to be C 18 H 28 O 4 and C 19 H 30 O 4 by HRMS, respectively. The presence of a methoxy and an ethoxy group in 9, and two ethoxy groups in 10 was easily detected in the 1 H NMR spectra (Table 1 ). An eremophilane skeleton of compound 9 was suggested by 2D NMR Figure 3 ). A methoxy group was substituted at C-8 and an ethoxy group at C-12, as well as a hydroxy group at C-10 ( Table 2) . The stereochemistry was revealed by NOESY. The cis relationship of rings A and B was determined by the NOE between H-4 and H-9 The NOE between OH and OMe, between OMe and H-6, and between OMe and H-1' clearly showed that OH, OMe, and OEt groups were all -oriented. Similar results were shown for compound 10. However, the stereochemistry at C-12 was different. The NOE between H-12 and H-1'' (C8-OCH 2 CH 3 ) indicated that an ethoxy group at C-12 should have the -orientation. Compound 11 (C 21 H 36 O 5 ) had three ethoxy groups in the molecule. The eremophilane skeleton was easily determined by the 2D spectra ( Figure 4 ). The stereochemistry was determined by NOESY as shown in Figure 3 . Compounds 9-11 are most probably artifacts. However, these were reported for the first time and the data are included (Tables 1 and 2). Compound 12 exhibited a quasi molecular ion peak at m/z 277 and its molecular formula was determined to be C 17 H 24 O 3 by HRMS and from 13 C NMR data. The IR spectrum showed a strong absorption band at 1726 cm -1 and a weak band at 1670 cm -1 , indicating the presence of an -unsaturated ester. This assumption was supported by 13 C NMR data,  168.7 (C-12), 132.6 (C-11), and 128.5 (C-7) ( Table 2) . Because a triplet pattern with three protons at  1.17 and a quartet of two protons at  4.32 were detected in the 1 H NMR spectrum, and that they were coupled to each other, the presence of an ethyl ester was revealed. The 13 C NMR spectroscopic data also showed the presence of four methyl, five methylene, two methine, and six quaternary carbon atoms. 2D correlations were detected as shown in Figure 5 . Therefore, this compound was established to be ethyl (Z)-8-oxo-eremophila-7(11),9-dien-12-oate, which seems to be an artifact produced during extraction. The corresponding methyl ester is known [4] , but the ethyl ester is reported for the first time. Compound 13b showed a quasi molecular ion peak at m/z 335 and its molecular formula was determined to be C 20 H 30 O 4 by HRMS and 13 C NMR data. The presence of five methyl, six methylene, two methine, and seven quaternary carbon atoms was suggested by the 13 C NMR and HSQC spectra ( Table 2) . The presence of a hydroxy (3462 cm -1 ) and an ester carbonyl (1730 cm -1 ) was indicated from the IR spectrum. The HMBC spectrum showed correlation between H 3 -15 and C-4 and 5, between H 3 -14 and C-4, C-5, C-6, and C-10, between H 3 -13 and C-7, C-11, and C-12, between H 3 -4' and C-1', C-2', and C-3', and between OMe and C-1' (Figure 6 ). From these data, the oxabicyclo[2.2.1]heptane ring system was constructed. Fortunately, nice crystals were obtained and X-ray analysis was performed ( Figure 7) . The stereochemistry was unambiguously revealed as shown in Figure 2 . The NOESY correlation also supported these results ( Figure 6 ). Therefore, the natural product 13a was an exo-adduct between furanoeremophilan-10-ol and methacrylic acid. Other compounds were determined by comparing the data with either those reported or established by ourselves. Apparently compounds 2 [5] , 5 [7] , and 9-12 were artifacts produced during [8] was an oxidized product of 1 [9] and compounds 2 [4] and 8 [10] may be derived from ligulalol. Compounds 4 [6] , 5, and 11 also seem to be derived from compound 3 [11] . Interestingly, two eudesmane-type alcohols, 17
[12] and 18 [13] , were isolated.
The compounds isolated from the four samples of L. brassicoides used in this study were less oxidized than those from two samples collected in southern Sichuan [3] . Especially there was no oxygen function at C-3 for any of the compounds isolated in this work. These differences in structure suggest the presence of at least two chemotypes within the species, and the two chemotypes may be geographically separated. The LC-MS profile of the present four samples indicated that the chemical constituents were almost the same but the ratio of components in sample 1 were different from the others, suggesting the presence of further diversity. 
